Background: Cyclophosphamide therapy is associated with several urological complications including urinary bladder malignancy. Data on urologic complications of chronic cyclophosphamide therapy for dermatologic conditions is not available. Objectives: To study the urocytological profile of pemphigus patients on long-term cyclophosphamide therapy.
Introduction
Cyclophosphamide is a cell cycle nonspecific cytotoxic agent. It is a widely used antineoplastic agent and in dermatology practice, it is commonly used as an immunosuppressive and a steroid "sparing" agent in several conditions including inflammatory and sclerosing disorders.
The metabolites of cyclophosphamide are responsible for urological adverse effects which range from lower urinary tract symptoms to the more serious side effects of hemorrhagic cystitis and bladder cancer. [1] [2] [3] Incidence of hemorrhagic cystitis in patients on cyclophosphamide therapy for various indications has varied from 3% to 50% and that of bladder cancer is between 0% and 8% (odds ratio 3.6 to 100). [4] [5] [6] These side effects are known to be a function of the total cumulative dose of cyclophosphamide and hence have been more commonly reported with continuous daily oral dosing than with intermittent intravenous pulse schedules. 2, 4, 7 Pemphigus is an autoimmune intraepidermal blistering disease which runs a chronic course and systemic steroids are the mainstay of treatment. Cyclophosphamide has been effectively used for the past five decades, both as daily oral therapy and in intravenous pulse forms. Long-term cyclophosphamide therapy is required to achieve disease control and as maintenance therapy, which often extends beyond 1 year. Data on long-term urological toxicity of cyclophosphamide is primarily available from rheumatology and oncology literature. 4, 8, 9 Because dosing as well as the duration of cyclophosphamide therapy in rheumatological disorders is similar to that in pemphigus, the risk of urological adverse effects also appears to be considerable in pemphigus patients. In view of absence of such data in dermatology literature, we undertook this study.
Materials and Methods

Study design
This was a cross-sectional prospective, clinical, and laboratory investigational study in pemphigus patients who were on long-term cyclophosphamide therapy prescribed from the Department of Dermatology, All India Institute of Medical Sciences, New Delhi. The study was approved by the institutional ethics committee.
Patients
Proven pemphigus patients who were on cyclophosphamide therapy in any form for ≥1 year and were willing to undergo all investigations as per protocol were recruited both from dermatology outpatient and inpatient departments at the AIIMS, New Delhi.
Clinical evaluation
It included details about demographic profile, cyclophosphamide therapy received (indication, regimen, duration of treatment, mode of administration, concomitant use of mesna, and total cumulative dose of cyclophosphamide), other urological risk factors (smoking, analgesic abuse, pelvic irradiation, occupational hydrocarbon exposure, and urolithiasis/renal disease), any other significant past medical/surgical history and any urinary symptoms (hematuria, dysuria/burning sensation, frequency, urgency, nocturia, and incontinence). A thorough clinical examination was undertaken which included general physical, dermatological, systemic, and genitourinary examination.
Laboratory evaluation
All patients were subjected to the following investigations: Urine routine and microscopy for 3 consecutive days, urine culture and sensitivity, and cytological study of urine sediment. Urine samples for routine testing and culture were obtained using standard procedure. For urine cytology, patient was asked to drink sufficient water to void twice before the urine sample was collected on the third occasion in a 100-mL beaker.
Microscopic hematuria was defined as ≥3 RBCs/HPF (red blood cells per high power field) on microscopic evaluation of centrifuged sample from two of three properly collected urinalysis specimens. In case of hematuria (either microscopic or gross), following additional investigations were undertaken: Hemogram including platelet count, coagulation profile, renal and liver function tests, serum electrolytes, x-ray of the kidney, ureter, and bladder (KUB) and ultrasound whole abdomen and pelvis. Contrast-enhanced computed tomography of pelvis and abdomen was done if the ultrasonography (USG) showed any suspicious mass/abnormality. Urine culture was labelled positive for bacteria only if a growth of >10 5 organisms/mL was obtained. All patients found to be positive on culture were given adequate antibiotic therapy and their repeat urine culture/sensitivity and cytology were performed.
Voided urine for cytology was further subjected to the following three tests in each patient:
Urine routine cytology
Cytospin smears were prepared (Sakura Teck, Tokyo, Japan) and they were evaluated independently by two cytologists experienced in uropathology. Cytology was scored as positive (if any atypical or malignant cells were identified), inconclusive (mild nuclear changes), or negative.
Immunocytochemistry
Immunocytochemistry for CK-20 (1:200) (IgG1 mouse monoclonal antibody, Spring Bioscience) was done. Sections of colon adenocarcinoma were used as positive controls and negative control was obtained by omitting the primary antibody.
Enzyme-linked immunosorbent assay
Nuclear matrix protein 22 (NMP-22) was measured by enzyme-linked immunosorbent assay (ELISA) using a standard NMP-22 Test Kit (supplied by CUSABIO, Hubei Province, China). The range of detection of the assay was 0.1-40 ng/mL. Positive control was urine sample collected preoperatively from 10 histologically proven patients with transitional cell carcinoma (TCC) of urinary bladder.
Cystoscopy was done in patients with urinary symptoms, hematuria (microscopic/gross) or if the voided urine cytology/ immunocytochemistry/ELISA showed any abnormal findings.
Statistical analysis
Data were presented as number and percentage or mean ± standard deviation (mean ± S.D) or median and range as appropriate. 
Results
The study plan has been depicted in Figure 1 . A total of 44 patients (43 of pemphigus vulgaris and one of pemphigus foliaceus) which included 16 men and 28 women, with a mean age of 46.6 ± 10.7 years were clinically evaluated and underwent all investigations. Cyclophosphamide therapy schedules undertaken by our patients are summarized in Table 1 . The duration of cyclophosphamide therapy ranged from 1-8 years (mean 2.95 ± 1.7 years) and the total cumulative dose varied from 6.5 g to 141 g (mean 53 ± 28.4 g). Overall, 32 patients received dexamethasone-cyclophosphamide pulse (DCP) regimen, cyclophosphamide pulse (CP) was received by seven (followed by DCP in four and oral cyclophosphamide in three), oral cyclophosphamide by four, and I.V DCP alone by one patient.
Findings of urological evaluation are depicted in Table 2 . Of 44 patients, 21 (47.7%) were asymptomatic, another 21 complained of urinary symptoms except hematuria, and two cases had gross hematuria. Of 21 symptomatic cases, two were detected with urinary tract infection (UTI) and in 19 cases, urinary symptoms appeared after initiation of cyclophosphamide therapy (after variable period of months to years), persisted or improved despite continuing cyclophosphamide, and no other cause was found on history, examination, or urinary investigations. The symptoms were variable in frequency in different patients (ranging from multiple daily episodes in few patients to few episodes over several years in others). Cyclophosphamide was being continued in all these patients during the study period for controlling pemphigus activity. Three of the 21 symptomatic patients were diabetic, but the urinary symptoms started only after initiation of cyclophosphamide therapy.
Of the two cases who had history of gross hematuria, one had six episodes over 3 months, each lasting 3-5 days, after 3.5 years of various cyclophosphamide regimens [12 I.V CPs, daily oral 50 mg cyclophosphamide and DCP regimen (14 DCPs); cumulative dose 77.6 g]. Investigations revealed anemia (Hb -8.9 gm%, macrocytic), leukopenia (total count -3400/mL), deranged differential count (N19 L60 E11 M9), and deranged prothrombin time (13.4, control -12) . Biochemical tests were normal. Her x-ray and USG KUB were within normal limits. Cystoscopy revealed only punctate bleeding points with telangiectatic areas without any mass or growth. Six months after stopping cyclophosphamide therapy, all the investigations became normal. The other patient had a single episode of hematuria lasting 4-5 days after 1.5 years of stopping DCP (received 22 pulses; cumulative dose 42.9 g). He had no other urinary complaints. His hematological and radiological investigations and cystoscopy were normal.
Urine cytology analysis did not reveal atypical or malignant cells in any patient, though four patients showed inconclusive findings of Median=45.4 grams *Dexamethasone-cyclophosphamide pulse (DCP) regimen includes administration of 100mg dexamethasone daily for 3 consecutive days with one day of concomitant 500mg cyclophosphamide. The standard DCP regimen combines DCP pulse with daily oral 50 mg of cyclophosphamide. Each infusion is given over 3-4 hours in 500 ml of 5% dextrose solution. † IV DCP alone regimen is same as above but without daily oral 50 mg of cyclophosphamide. ‡ IV cyclophosphamide pulse (CP) includes administering cyclophosphamide infusion at the dose of 15 mg/kg, co-administered with mesna, given at 60% of the cyclophosphamide dose. The infusion is administered 1 day/month. Each infusion is given over 3-4 h in 500 ml of normal saline mild nucleomegaly and hyperchromasia [ Table 3 ]. Both cytokeratin 20 (CK-20) staining [vis-a-vis urine sediments from positive controls, Figure 2a -d] and NMP-22 ELISA were negative in all cases, but the values of the latter were higher in cases showing inconclusive cytologic findings. Cystoscopic examination in these patients with inconclusive urinary cytology showed normal findings in 3 of 4 cases and punctate bleeding points in the bladder mucosa, but without any mucosal pathology or mass in one patient (known case of episodic, gross hematuria since 3 months, first patient in Table 2 ). On the whole, the cyclophosphamide received by these four patients did not show any differences from that received by the other study subjects in terms of the regimen and the total cumulative dose.
Overall, cystoscopy was performed in 21 patients [two with hematuria and 19 of 21 patients with symptoms other than hematuria] and was found normal in all, except three patients [ Table 2 ]. The first case has been discussed with the hematuria cases. Out of the two, one case complained of urinary frequency and occasional nocturia after initiation of cyclophosphamide, which spontaneously resolved despite continuing on medication (cumulative dose 65 g). The other case had urinary frequency, nocturia, and incontinence (cumulative dose 87.6 g). In both cases all other investigations were normal.
Discussion
Urological complications, a major limiting factor in cyclophosphamide use, vary from transient irritative voiding symptoms like urinary frequency, dysuria, urgency, suprapubic discomfort to microscopic hematuria and life-threatening hemorrhagic cystitis, bladder fibrosis, necrosis, cytological atypia of urinary bladder, and bladder carcinoma. 10 The relationship of these side effects with the cumulative dose and duration of cyclophosphamide treatment is still unclear. Symptoms may occur during the course of therapy, or begin several months after discontinuation of the drug.
Cyclophosphamide-associated urological adverse effects are chiefly due to acrolein, a byproduct of hepatic microsomal metabolism that causes urothelial damage by intracellular overproduction of reactive oxygen species, nitrous oxide, and activation of inflammatory cytokine pathways. 3 These mechanisms cumulatively cause bladder mucosal ulceration and hence hemorrhagic cystitis. 3, 9 The incidence of cystitis ranges from 10% to 40%. 11 Despite using aggressive hydration with high-dose cyclophosphamide regimen, the incidence of severe hemorrhagic cystitis ranged from 0.5% to 40%. 12 The dose of oral cyclophosphamide required to induce hemorrhagic cystitis is variable, ranging from 26 g to 129 g, with mean treatment duration of 7-37 months, in autoimmune rheumatologic disorders. 5, 13, 14 As yet, there is no evidence for hemorrhagic cystitis occurring after pulsed regimens. It has been observed that cyclophosphamide, particularly its metabolite phosphoramide mustard, leads to characteristic p53 mutations which may induce bladder cancer. 15 A total cumulative dose ranging from 19 g to 531 g with a mean latency period of 0.6-18 years has been reported for the development of bladder carcinoma. 5, 16, 17 Also, hemorrhagic cystitis in the past is associated with increased risk of bladder cancer in the future but a cause and effect relationship between the two has not been established. 4 Currently, it is difficult to predict patients who are at risk of urological toxicity to cyclophosphamide. Genetic and constitutional factors have been postulated. Factors contributing to the toxic effect of cyclophosphamide include drug rate, dosage, metabolism, patient hydration, urine output, and voiding frequency. 17 Cystoscopy is the gold standard for detecting both new and recurrent bladder cancers, but it is both invasive and expensive. Voided urine cytology is a useful screening tool for bladder cancers since it has high specificity (>90%), but variable sensitivity, which is especially poor (20-50%) for low grade neoplasms. 18 Several biomarkers have been studied of which three strip-based tests have been approved by US-FDA, namely NMP-22, bladder tumor antigen (BTA) and fibrin-fibrinogen degradation product (FDP) assay. NMP-22 was found to have a higher median sensitivity, but lower specificity than urine cytology in a meta-analysis (73% and 80% for NMP-22 versus 34% and 99% for cytology, respectively). 19 In a study comparing urine cytology, NMP-22, and CK-20 in the detection of urothelial malignancy, NMP-22 was found to be the most sensitive tool (93%) whereas cytology was most specific (76.5%). Combined use of NMP-22 and cytology increased both the sensitivity and specificity of the latter in detecting malignancy. 20 In another study, CK-20 was found to be an excellent adjunct in patients with atypical urine cytology. 21 Hence, we used NMP-22 and CK-20 as adjuncts to cytology.
Although there is enough literature on the treatment of pemphigus using cyclophosphamide-based regimens, there is paucity on its urological side effects. In a randomized prospective 12-month study on the evaluation of IV CP as adjuvant to oral steroids, none of the patients had microscopic hematuria, though 27% cases developed UTI (versus 11.5% in the steroid alone group). 22 In a study on oral cyclophosphamide in pemphigus, five patients (21.7%) had microscopic or gross hematuria while one case (4.3%) developed bladder cancer 15 years after cyclophosphamide administration. 23 In a large study on 300 pemphigus patients treated with the DCP regimen, the authors found a very low incidence of hemorrhagic cystitis. 24 Absence of significant urological complications in our study could be due to the fact that majority of our patients received the standard DCP regimen which combines IV DCP and low dose oral cyclophosphamide. This carries the dual benefit of being able to reduce the oral cyclophosphamide dose (50 mg/day in DCP regimen versus standard dose of 2-2.5 mg/kg/day) and provide better hydration.
Despite attempting to answer the unique question of urotoxicity of cyclophosphamide regimen in pemphigus that dermatologists are unfamiliar with, our study had a few shortcomings. The relatively small sample size and the inherent lack of a prospective follow-up as part of study design were the limitations.
Conclusion
Chronic cyclophosphamide therapy in pemphigus, as used at our center, is relatively free of serious urological toxicity. Since our patients received mean cyclophosphamide dose of >50 g over 3 years, they could be at risk of developing serious urotoxicity in future. Hence, they should be closely monitored and administered this agent cautiously.
